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Dental care, though critical, is not accessible for 
the rural population. Remote dental units can address 
the gap in access by providing basic services to rural 
areas, but their economic viability is not clearly 
established. In this research, we explore the economics 
of a major hospital operating a remote unit in a distant 
rural area. Specifically, we characterize the optimal 
location of the remote unit and examine the impact of 
operating a remote dental unit on the profit of a dental 
hospital. The ideal scenario, from a patient coverage 
perspective, is to put the remote unit location far enough 
away that patients accessing the remote unit are distinct 
from patients accessing the main hospital center to 
avoid redundancy (market cannibalization). However, 
we show that such a placement may not always be 
optimal for the hospital’s profit and derive conditions 
under which the optimal patient coverage for the 
hospital and the remote unit overlaps. Our findings lead 
to policy implications for dental care reimbursement 
and service expansion. We also offer insights for dental 
care providers who are considering adding a remote 
unit to serve patients in more distant regions.  
1. Introduction  
According to a 2016 public health report of the U.S. 
Department of Health and Human Services (HHS), 
dental care is the most commonly under-resourced 
health need in the United States [1]. Many people have 
poor oral health due to lack of access to dental care [2, 
3]. It is not always economically feasible for healthcare 
providers to invest in sophisticated facilities and provide 
services in rural areas due to high operating costs and 
low demand. Therefore, patients in rural areas have 
difficulty in accessing dental care because dental care 
resources are often scarce. They typically travel to urban 
areas seeking dental care, which is time-consuming and 
creates a cost burden.  
Furthermore, low-income patients have the greatest 
difficulty in accessing dental care [4, 5]. Limited access 
is a concern for all ages — children, the middle-aged, 
and the elderly [6]. 
One way to improve patient access to dental care in 
rural areas is by operating remote dental units [7, 8]. In 
this approach, a hospital deploys a dental care provider 
team to serve patients in a rural area. Typically, the team 
is comprised of providers who may be dentists, 
residents, licensed dental assistants, hygienists, dental 
therapists, and/or other staff. The unit is often set up by 
a few operators. For the sake of brevity, we use the term 
provider to denote the entire team. Each remote dental 
unit is equipped with basic facilities/infrastructure such 
as dental chairs, computer/network access to electronic 
health record system, x-ray machines, air compressors, 
operatory stools, lights, water tanks, waste tanks, and 
sterilization equipment [7]. Over a few days, the remote 
dental unit provides elementary dental services which 
may be instrumental in preventing critical dental issues 
from arising later [9]. These remote dental units may not 
only benefit rural population but also the hospital, as 
they expand the hospital’s coverage and identify 
opportunities to provide further services. 
Although remote dental units have several 
advantages for both rural patients and hospitals, given 
the fixed cost and low patient demand, their economic 
feasibility and optimal locations are still unclear. By 
leveraging a location model, we fill this gap in the 
research by examining the economic impact of a remote 
dental unit. We assumed that patients are sensitive to 
traveling for care, the value of seeking care, and 
associated costs. 





Our major research questions are as follows: When 
does adding a remote dental unit generate more profit to 
a hospital in a monopoly setting? What will the 
incremental patient coverage be? If placing a remote 
unit in rural areas is economically viable, is it desirable 
to have redundancy in patient coverage between the 
hospital and the remote unit?  
In this paper, we characterize the optimal location 
of a remote unit that maximizes the hospital’s profit. 
The ideal case, in terms of patient coverage, is to place 
the remote unit location far away enough such that 
patients accessing the remote unit are distinct from 
patients accessing the main hospital to avoid 
redundancy. However, such a location may not always 
be optimal for the hospital if it faces higher distance 
costs for the provider. In these situations, allowing 
redundancy between the hospital and the remote unit is 
optimal.  
This study contributes to the body of literature in 
two ways. First, we extend the location model to address 
how a remote dental unit affects the patient’s choice, the 
dental hospital’s patient coverage, and the hospital’s 
profit. Second, we also develop an analytical model to 
examine the economic impact of running a remote unit 
in a rural area.  
2. Related Literature 
Our study is related to the existing literature on 
economic models to improve patient access in 
healthcare delivery. Several studies in the literature 
examine the economic impact of telemedicine and 
telehealth. Yilmaz et al. (2018) demonstrate the 
economic efficiency of telemedicine adoption for rural 
American Indian/Alaska Native populations by 
comparing the costs associated with telemedicine to the 
costs of traveling for in-person treatment [10]. The 
research not only shows the economy of scale from 
providing telemedicine with large and multi-state 
telemedicine centers but also provides evidence that 
greater economic benefits are derived when 
telemedicine centers are located in sparsely populated 
rural areas.  
One body of literature exploring the economic 
impact of telemedicine takes competition between urban 
and rural healthcare into account. Rajan et al. (2013) 
analyze the impact of telemedicine adoption on patients 
with a chronic condition and on a hospital's market 
share, using the concept of horizontal differentiation 
(e.g., Salop’s circular model) [11]. The paper shows that 
telemedicine adoption is indeed an attractive option 
because the adopting hospital's market share tends to 
increase. Despite this, it may not completely replace on-
site visits because those patients who are relatively 
mobile may still prefer an in-person option. However, 
this paper assumes that patients are homogeneous in 
their perceived value of treatment, which does not 
capture patients in different morbidity states. In a later 
paper, Rajan et al. (2018), they assume patients who 
need chronic care are heterogeneous because of 
different travel burdens or different phases of disease 
[12]. They show that if telemedicine is adopted, not only 
will specialists be more productive but also social 
welfare is enhanced, though some patients (i.e., patients 
who are located closer to the hospital) will be worse off. 
Zhou et al. (2021) examine the effect of telemedicine 
adoption on geographic competition among urban and 
rural providers by considering a policy change related to 
telemedicine as an exogenous shock [13]. Their paper 
empirically confirms several key results of Rajan et al. 
[11, 12] regarding the effect of telemedicine adoption on 
competition dynamics between urban and rural 
providers. Our focus in this paper is different as we do 
not consider competition between the urban hospital and 
a remote clinic: rather, we consider a remote clinic 
operated by the urban hospital, thereby expanding its 
healthcare services. Moreover, measuring the economic 
impact of a remote unit that provides better patient 
access remains rare outside of telemedicine research.  
More broadly, our work relates to the literature on 
decision-making regarding facility location, which has 
been of interest in several service-operations and 
healthcare studies [14, 15]. These studies solve an 
optimization problem with a few constraints. Another 
group of studies has used a game theory model 
involving location, which especially extends the 
influential model of Hotelling [16, 17] with multiple 
players in the game. In healthcare, the decision criteria 
for the location model are related to determining how 
many healthcare resources are in an area, where to 
locate the resources, and how to assign patients to the 
resources [18]. The location models in healthcare 
typically capture accessibility, adaptability, and 
availability [19]. Accessibility models target 
maximizing coverage or minimizing distance from the 
facility. On the other hand, adaptability models help find 
the location that is well adjusted to many possible 
scenarios by comparing scenarios with alternative 
evaluation measures. Availability models are applied to 
temporary service units where the resources might not 
always be available. 
In this paper, we adopt the accessibility model and 
focus on key inputs. Our contribution is twofold: 1) We 
specify the conditions determining optimal location by 
taking aggregate patient demand, which influences the 
hospital’s revenue and costs. This is different from the 
classic optimization problem setup in the body of related 
literature. 2) We consider a player whose remote unit 
plays a cooperative role. 
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3. Modeling Details 
We begin our analysis by modeling a dental 
hospital's conventional care delivery. We consider one 
dental hospital in a regional monopoly located at the city 
center. We assume a linear space where patients are 
located from the city center (i.e., 0) extending out to 
remote rural areas. The hospital partially covers patient 
demand in the space. We set the farthest point of patient 
demand as patient coverage, and the density of patients 
is set to be a continuous function. To reflect the 
population density of rural areas in the United States 
[20], we assume an exponentially decreasing density 
function. Specifically, the function is indicated below. 
The total number of patients in the space is normalized 
to 1,  is the exponential factor, and  𝑧 is a point on the 
linear space. 
 
𝑓(𝑧) =  {  𝑒
−z
0
     




The hospital provides several types of dental 
services varying in complexity. We classify them into 
two categories: basic and complex care. Examples of 
basic care include oral exams, check-ups, screening, 
cleaning, filling, sealants, and extractions, all of which 
require only minimum infrastructure. On the other hand, 
complex care requires advanced facilities. Examples 
include dental surgeries, gum surgeries, root canals, and 
tooth implants. We assume all patients seeking dental 
care need some form of basic care, such as routine 
check-ups, though they may opt out of basic care based 
on perceived costs and benefits. Complex care is 
typically performed based on a referral by a dentist after 
the patient's initial visit for basic care. For those patient 
referrals after the initial visit, patients will have to 
schedule them on a different day. We assume the 
hospital has enough capacity to treat all patients in the 
area, if needed (we assume demand can be spread out on 
average and do not consider appointment scheduling in 
our model). We denote the percentage of patients who 
require only basic care as 𝛽, where 𝛽 ∈ (0,1], and we 
assume it is common knowledge. The patients are 
covered by insurance or Medicare. A summary of our 





𝑣𝑎 Value of complex dental care 
𝑣𝑏 Value of basic dental care 
𝜃 Co-insurance rate 
𝑝𝑎 Price of complex dental care 
𝑝𝑏  Price of basic dental care 
𝑥 Location of the remote unit 
𝑧 A point on the linear space 
𝑡 Patient’s cost per unit distance 
𝑐 Provider’s costs per unit distance  
𝑚 Daily capacity of the remote unit 
𝑟 Variable cost per day for operating the 
remote unit 
𝑓 Fixed cost of running the remote unit 
𝛽 Percentage of patients who require 
only basic care 
Table 1. Definition of Model Parameters 
 
The baseline patient utility consists of three parts: 
value of care, distance-related cost based on patient 
location and dental care location, and out-of-pocket 
payment. To ensure the presence of positive demand, we 
assume the value of dental care exceeds the co-
insurance or out-of-pocket payment (i.e., 𝑣𝑎 > 𝜃𝑝𝑎 and 
𝑣𝑏> 𝜃𝑝𝑏), where the co-insurance rate 𝜃 is the same for 
both care types. Complex care is expected to give a 
higher (net) utility than that given by basic care (i.e., 𝑣𝑎 
- 𝜃𝑝𝑎 > 𝑣𝑏 - 𝜃𝑝𝑏).  
We assume that patients decide whether to seek 
dental care based on their expected utility for both 
categories of care. (Since 𝑣𝑎 - 𝜃𝑝𝑎 > 𝑣𝑏 - 𝜃𝑝𝑏 , patients 
for whom utility is non-negative for basic care will also 
receive non-negative utility for complex care. But 
patients for whom utility from basic care is negative 
may still seek basic care as referrals for complex care 
are only given after completing basic care). Since 1- 𝛽 
is the percentage of patients who need complex care in 
addition to basic care, the expected utility of a patient, 
 𝜓(z), is given by 
 
𝜓(𝑧) = (𝑣𝑏 − 𝜃𝑝𝑏 − 𝑡𝑧) + (1 − 𝛽)(𝑣𝑎 − 𝜃𝑝𝑎 − 𝑡𝑧). 
 
Patients seek dental care if 𝜓(z) is non-negative. By 
equating the expected patient utility function to zero, we 
can identify the location of the farthest patient who 
seeks dental care from the hospital. We denote this 
location as 𝑥𝑚𝑎𝑥 , which is given by  
 
𝑥𝑚𝑎𝑥 = {  
𝜂𝑚𝑎𝑥
0
     












In other words, patients located as far as 𝑥𝑚𝑎𝑥  have 
positive utility from seeking care. The hospital’s profit 
function is given by 
 





We now look at the impact of adding a remote unit 
on both patient choice and on the hospital's profit. The 
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hospital chooses a point in the linear space for its remote 
unit. The hospital will have to send its provider to the 
remote unit so that they can start seeing patients. To 
reflect the current practice, we assume the remote unit 
provides only basic dental care [21]. Due to the 
restricted space inside the unit, only limited medical 
resources and devices are available.  
We assume basic care services rendered at the 
remote unit are equivalent to those offered at the 
hospital and the pricing is also the same (𝑣𝑏  and 𝑝𝑏  
continue to hold). For patients who need complex dental 
procedures in addition to the basic treatment, the dentist 
at the remote unit provides referrals. The referral 
percentage for complex procedures (1 − 𝛽)  also 
remains the same.  
We assume there is no additional fee charged to the 
patients for a referral from the remote unit dentists. 
However, even though patients receive a referral, 
whether they complete the referral is based on their 
expected utility of receiving complex care at the 
hospital. For instance, a patient located too far from the 
hospital will not follow up on the referral because of the 
high distance cost. In summary, a remote unit not only 
works as an alternative to the hospital for receiving basic 
care, but it also acts as a referral center. The opportunity 
for referral expands the hospital's services and 
potentially increases overall profit.  
Since the provider will have to travel to the remote 
unit, the total cost will depend on the number of trips the 
provider would have to make to cover all the patients in 
the area. The number of trips is impacted by the daily 
capacity of the remote unit. We denote the daily 
capacity by m; that is, the dentist can see at most m 
patients in a day. There exist some fixed setup costs for 
the remote unit, including labor costs to install 
equipment, training cost for the dentist and staffs, 
scheduling costs related to assigning dentists, and so on. 
We denote all these setup costs by f and all the variable 
costs, including renting space for positioning the unit 
and preparing for patient parking spaces by r. Not all 
providers will prefer to go to the remote unit, and we 
note that the distance cost is notional as it also 
incorporates both costs incurred due to the travel and 
inconvenience to the provider. The cost per unit distance 
for all the providers is denoted by c.  
After the hospital establishes the remote unit, some 
patients within the remote unit's reach who have never 
visited the hospital before may start seeking care 
(increased access). On the other hand, patients who used 
to visit the hospital for their dental care may now be 
covered by both the hospital and the remote unit (care 
redundancy).  
The hospital needs to find the optimal location for 
the remote unit to meet patient demand efficiently and 
maximize its profit. For example, the further away the 
remote unit is, although the remote unit may be able to 
achieve increased patient coverage, the higher the 
provider's distance costs. The hospital thus may not 
want to locate the remote unit too far from the hospital’s 
location. On the other hand, if the hospital places the 
remote unit too close, the remote unit’s patient coverage 
may be redundant with respect to the hospital’s existing 
patient coverage. We call this patient coverage 
cannibalization. Such cannibalization by a remote unit 
may not always be optimal if the marginal revenue 
achieved from new patient coverage could be increased 
by pushing the remote unit farther.  
We denote the location of the remote unit by 𝑥. To 
express the patient coverage of the remote unit, we 
denote the farthest location of the patient visiting from 
its left (𝑧 < 𝑥) as 𝛾1 and from its right (𝑧 > 𝑥) as 𝛾2. 
Then, patient coverage for the remote unit extends from 
𝛾1 to 𝛾2. For a patient located at 𝑧 < 𝑥, the patient utility 
is given by 
 
𝜓𝑚(𝑧<𝑥) = (𝑣𝑏 − 𝜃𝑝𝑏 − 𝑡(𝑥 − 𝑧)) + (1 − 𝛽)(𝑣𝑎
− 𝜃𝑝𝑎 − 𝑡𝑧).  
For a patient located at 𝑧 > 𝑥, the patient utility is given 
by 
 
𝜓𝑚(𝑧>𝑥) = (𝑣𝑏 − 𝜃𝑝𝑏 − 𝑡(𝑧 − 𝑥)) + (1 − 𝛽)(𝑣𝑎
− 𝜃𝑝𝑎 − 𝑡𝑧).  
 
Therefore, 𝛾1 and 𝛾2 are given by  
 
𝛾1 = {
𝜂1 𝑖𝑓 0 < 𝜂1 < 𝑥
𝑥 𝑖𝑓 𝜂1 ≥ 𝑥
0 𝑖𝑓 𝜂1 ≤ 0
 
𝛾2 = {
𝜂2 𝑖𝑓 𝜂2 > 𝑥



















However, not all patients between  𝛾1 and 𝛾2 may 
complete the referral. Unlike in the case of conventional 
care delivery (where positive utility for basic care 
automatically implies positive utility for complex care), 
patients may only opt to receive basic care at the remote 
unit. We next characterize the patients who are located 
too far to follow up on the referrals. We denote by 𝑥𝑠 
the farthest patient who would seek basic care at the 
hospital and by 𝑥𝑐 the farthest patient who would seek 
complex care at the hospital: 
 
𝑥𝑠 = {  
𝜂𝑠
0
     




𝑥𝑐 = {  
𝜂𝑐
0
     













If a patient is located beyond 𝑥𝑐, the patient is too 
far to complete a referral. To figure out the referral 
coverage of the remote unit if 𝛾1 < 𝑥𝑐 < 𝛾2, we denote 
the farthest location of the patient who completes the 
referral and is visiting from its left as 𝛾1𝑠 and from its 
right as 𝛾2𝑠. For a patient who is not able to follow up 
on the referral located at 𝑧 < 𝑥 , the patient utility is 
given by 
 
𝜓𝑚𝑠(𝑧<𝑥) = (𝑣𝑏 − 𝜃𝑝𝑏 − 𝑡(𝑥 − 𝑧)).  
 
For a patient who is not able to follow up on the referral 
located at 𝑧 > 𝑥, the patient utility is given by 
 
𝜓𝑚𝑠(𝑧>𝑥) = (𝑣𝑏 − 𝜃𝑝𝑏 − 𝑡(𝑧 − 𝑥)).  
 
Therefore, 𝛾1𝑠 and 𝛾2𝑠 are given by  
 
𝛾1𝑠 = {
𝜂1𝑠 𝑖𝑓 𝜂1𝑠 > 0
0 𝑖𝑓 𝜂1𝑠 ≤ 0
 
𝛾2𝑠 = 𝜂2𝑠, 
where 










If there is no redundancy in coverage between the 
remote unit and the hospital (denoted in short by NS), 
patients in [0, 𝑥𝑚𝑎𝑥 ] visit the hospital for care and 
patients in [𝛾1, 𝛾2] visit the remote unit for basic care 
and the hospital for complex care if they follow up on 
the referral given. If some patients who visit the remote 
unit are unable to follow up on referrals, patients visiting 
the remote unit for basic care belong to [𝛾1, 𝛾2𝑠] (if 𝛾1 <
𝑥𝑐 ≤ 𝛾2𝑠) or [𝛾1𝑠, 𝛾2𝑠] (if 𝑥𝑐 ≤ 𝛾1𝑠). 
On the other hand, if there is redundancy in patient 
coverage (denoted in short by OS), we need to 
characterize the patient who is indifferent between the 
hospital and the remote unit. We denote this indifferent 







Patients in [0, 𝛾𝑖] visit the hospital for basic care, and 
patients in [𝛾𝑖, 𝛾2] visit the remote unit for basic care if 
they all can follow up on referrals. If some patients are 
unable to follow up on referrals, patients in [𝛾𝑖, 𝛾2𝑠] visit 
the remote unit for basic care alone.  
If there is no redundancy in coverage, the hospital’s 











 {(1 − 𝛽)𝑝𝑎 + 𝑝𝑏} ∫ 𝑓(𝑧)𝑑𝑧 +
𝑥𝑚𝑎𝑥
0






} ∫ 𝑓(𝑧)𝑑𝑧 − 𝑓
𝛾2
𝛾1
𝑖𝑓 𝛾2(𝑥) < 𝑥𝑐
{(1 − 𝛽)𝑝𝑎 + 𝑝𝑏} ∫ 𝑓(𝑧)𝑑𝑧 +
𝑥𝑚𝑎𝑥
0



















𝑖𝑓 𝛾1(𝑥) < 𝑥𝑐 ≤  𝛾2𝑠(𝑥)













𝑖𝑓 𝑥𝑐 ≤ 𝛾1𝑠(𝑥) <  𝛾2𝑠(𝑥)
. 
The profit function for the hospital when there 
exists some overlap in patient coverage is as follows. 








 {(1 − 𝛽)𝑝𝑎 + 𝑝𝑏} ∫ 𝑓(𝑧)𝑑𝑧 +
𝛾𝑖
0






} ∫ 𝑓(𝑧)𝑑𝑧 − 𝑓
𝛾2
𝛾𝑖
𝑖𝑓 𝛾2(𝑥) < 𝑥𝑐
{(1 − 𝛽)𝑝𝑎 + 𝑝𝑏} ∫ 𝑓(𝑧)𝑑𝑧 +
𝛾𝑖
0



















𝑖𝑓 𝑥𝑐 ≤  𝛾2𝑠(𝑥)
. 
 
We next characterize the optimal location of the remote 
unit. We note that the profit function is piece-wise 
continuous.  
4. Results 
We first observe that it is always suboptimal to have 
a gap in patient coverage between the hospital and the 
remote unit as indicated in Proposition 1.  
 
Proposition 1.  𝑥∗ ≤ 2𝑥𝑚𝑎𝑥. 
 
When the remote unit is located at 𝑥 = 2𝑥𝑚𝑎𝑥 , 
there is neither redundancy nor a gap in patient coverage 
between the hospital and the remote unit. That is, it 
indicates the closest location without redundancy (i.e., 
farthest location for redundancy). If 𝑥 > 2𝑥𝑚𝑎𝑥  (𝑥 <
2𝑥𝑚𝑎𝑥) , there exists a gap (redundancy) in patient 
coverage between the hospital and the remote unit. 
Proposition 1 is important in that it reduces the optimal 
location to two possibilities: 1) the closest location for 
non-redundancy (neither overlap nor gap) in patient 
coverage between the hospital and the remote unit, or 2) 
a location with some redundant coverage. We derive the 
sufficient condition for the two stated possibilities at 
optimality. Proposition 2 and Proposition 3 
characterize the optimal location of the remote unit. 
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𝑖𝑓 𝛾2𝑠(2𝑥𝑚𝑎𝑥) ≥ 𝑥𝑐
 
, then 𝑥∗ < 2𝑥𝑚𝑎𝑥. 
 
Proposition 2 indicates that avoiding redundancy 
in patient coverage may not always be optimal for the 
hospital. There are two possible cases where the 
condition is satisfied: 1) If the profit from basic care is 
negative but referrals earn a positive profit, then it may 
be optimal for the hospital to create redundancy. 2) If 
the hospital faces sufficiently high distance costs for the 
provider, the hospital may locate the remote unit closer 
to the hospital, despite the cannibalization. 
 


















































































𝑖𝑓 𝛾2𝑠(2𝑥𝑚𝑎𝑥) ≥ 𝑥𝑐
 
, then 𝑥∗ = 2𝑥𝑚𝑎𝑥. 
 
Proposition 3 implies that if the provider's cost per 
unit distance is much lower than the variable costs per 
day for operating a remote unit and profit is increasing 
at 2𝑥𝑚𝑎𝑥, the hospital should place the remote unit at the 
closest location that avoids redundancy. The proposition 
sets the upper bound for the provider's cost per unit 
distance, compared to the variable cost per day for the 
remote unit’s operation.  
 
Corollary 1. If 𝑥∗ = 2𝑥𝑚𝑎𝑥 , 𝑥
∗ is independent of 𝑐, 𝑟,  
𝑚, and 𝑓. 
 
If the optimal location of the remote unit is at the 
closest location such that there is no redundancy, we 
know 𝑥∗ = 2𝑥𝑚𝑎𝑥, which is independent of 𝑐, 𝑟,𝑚, and 
𝑓.  
5. Numerical Analyses 
In the following section, we provide numerical 
illustrations of our analytical results. Figures 1, 2, and 
3 compare the hospital profit before and after the remote 
unit is added as a function of how far the remote unit is 
located from the city. Hospital profit after the remote 
unit is added is shown with and without redundancy, 
which depends on where the remote unit is located. Note 
that the closest point for non-redundancy (i.e., farthest 
point for redundancy) is where 𝑥 = 2𝑥𝑚𝑎𝑥 . 
In Figure 1, the optimal location for hospital profit 
is where there is neither redundancy nor a gap between 
the hospital’s coverage and the remote unit’s coverage 
(𝑥∗ = 2𝑥max ), supporting Proposition 3. The hospital 
benefits more by placing the remote unit far away from 
the hospital to attract new patient demand for basic care 
as well as for referrals. However, it is never optimal 
when the hospital places the remote unit so far away that 
there is a gap in coverage between the two locations, as 
the benefit of adding a remote unit diminishes because 
of greater distance costs for the provider and also 
because of reduced patient density. Thus, our results in 
Proposition 1 hold. 
 
 
Figure 1. Hospital Profit Before and After the 
Introduction of a Remote Unit (𝑥∗ = 2𝑥𝑚𝑎𝑥)  
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 34, 𝛽 = 0.1,  
𝜃 = 0.1, 𝑡 = 1, 𝑐 = 100,𝑚 = 10, 𝑓 = 0, 𝑟 = 450) 
 
Figures 2 and 3 illustrate cases in which 
redundancy in patient coverage occurs at optimality, 
supporting Proposition 2, because of low basic care 
profit (Figure 2), and high costs for the provider per unit 
distance (Figure 3). In Figure 2, this cost of distance is 
high enough to result in loss from basic care. Though 
profit at first increases as the remote unit is located 
farther away on account of receiving more new rural 
patients, the hospital’s profit falls as it covers the 
patients located too far away to attract any referrals. 
Therefore, the profit is maximized even when there is 
redundancy in patient coverage. Some patients visiting 
the remote unit complete the referrals given, 




Figure 2. Hospital Profit Before and After the 
Introduction of a Remote Unit (𝑥∗ < 2𝑥𝑚𝑎𝑥)  (1) 
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 28, 𝛽 = 0.1,  
𝜃 = 0.1, 𝑡 = 1, 𝑐 = 300,𝑚 = 10, 𝑓 = 0, 𝑟 = 0) 
 
Figure 3 indicates that when the hospital is 
sensitive to the provider’s costs per unit distance, the 
hospital will choose to reduce these costs because 
additional referrals may not compensate for losses. 
Therefore, the hospital will restrict its reach just to 
nearby regions to get some new patients. The remote 
unit now serves suburban areas, though some 
redundancy in patient coverage results. Thus, 
Proposition 1 holds as well in both cases. 
 
 
Figure 3. Hospital Profit Before and After the 
Introduction of a Remote Unit (𝑥∗ < 2𝑥𝑚𝑎𝑥) (2) 
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 34, 𝛽 = 0.75,  
𝜃 = 0.1, 𝑡 = 1, 𝑐 = 1000,𝑚 = 10, 𝑓 = 0, 𝑟 = 0) 
 
We now illustrate how the remote unit expands 
patient coverage for dental services, given that the 
remote unit is located at its optimal location. Figures 4, 
5, and 6 compare the aggregate patient demand before 
and after the remote unit is added at its optimal location. 
In the following figures, the patient density (pdf) is 
indicated in the vertical line, and the linear space (on 
which patients are located) is shown on the horizontal 
line. Before the remote unit is introduced, the hospital’s 
patient coverage is from 0 to 𝑥𝑚𝑎𝑥 . However, if the 
introduction of a remote unit causes redundancy, the 
coverage for basic care at the hospital can decrease, as 
some patients switch their basic care location from the 
hospital to the remote unit. 
Figure 4 illustrates the expansion in coverage when 
the optimal location results in no redundancy, where the 
setting of parameters is identical to that of Figure 1. At 
the optimal location, where the remote clinic is located 
as near as possible and still not cause redundancy, the 
hospital expands its overall coverage. In this example, 
patients from 0 to 𝑥𝑚𝑎𝑥 continue to obtain care from the 
hospital as before, and the remote unit expands the basic 
care delivery from 𝑥𝑚𝑎𝑥 to 𝛾2𝑠. 
 
 
Figure 4. Patient Coverage Expansion for Basic Care 
at the Optimal Location: Closest Location for Non-
Redundancy 
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 34, 𝛽 = 0.1,  
𝜃 = 0.1, 𝑡 = 1, 𝑐 = 100,𝑚 = 10, 𝑓 = 0, 𝑟 = 450) 
 
Using numerical values as in Figures 2 and 3 
respectively, Figures 5 and 6 show patient coverage 
expansion at the optimal location but with redundancy. 
The patients located in [0, 𝛾𝑖] will visit the hospital and 
the patients in [𝛾𝑖, 𝛾2] will visit the remote unit for basic 
care. Specifically, the patients in [𝛾𝑖 , 𝑥𝑚𝑎𝑥] shift their 
preference to the remote unit for basic care. The area of 
coverage expansion by the remote unit is [𝑥𝑚𝑎𝑥 , 𝛾2]. 
 
 
Figure 5. Patient Coverage Expansion for Basic Care 
at the Optimal Location: Redundancy (1) 
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 28, 𝛽 = 0.1,  




Figure 6. Patient Coverage Expansion for Basic Care 
at the Optimal Location: Redundancy (2) 
(𝑣𝑎 = 11, 𝑣𝑏 = 3.5, 𝑝𝑎 = 100, 𝑝𝑏 = 34, 𝛽 = 0.75,  
𝜃 = 0.1, 𝑡 = 1, 𝑐 = 1000,𝑚 = 10, 𝑓 = 0, 𝑟 = 0) 
 
In summary, the hospital can maximize its profit if 
the remote unit is deployed at the closest location 
without redundancy, but also when there is some 
redundancy in patient coverage. Interestingly, the 
hospital can still benefit from deploying the remote unit 
even if profit from basic care is negative as long as the 
profit from referrals offsets the losses from providing 
basic care at the remote unit. In the balance between 
provider distance cost and profit from additional 
referrals, the hospital can compromise by choosing a 
closer location to save provider effort. 
6. Conclusion and Managerial Insights 
Remote dental units provide elementary dental 
services to distant rural patients. Patients in rural areas 
have long faced challenges in accessing even basic 
dental care, which is crucial to prevent severe dental 
diseases, due to distance barriers. To tackle the issue of 
accessibility, dental hospitals in the United States are 
considering adding remote dental services by sending 
providers to rural and remote regions. Such remote units 
have been recognized as an effective and practical 
alternative for dental care, but operating hospitals have 
been concerned about the profitability of such 
initiatives, particularly given the smaller patient 
population in such areas.  
In this work, we examine the economic impact of a 
major hospital operating a remote unit in rural areas. We 
demonstrate the profitability of a remote dental unit and, 
importantly, investigate and characterize the location of 
the unit that maximizes the hospital’s profit. 
Conventional wisdom would suggest that it is optimal 
for the hospital to locate the remote unit where there is 
neither a gap nor redundancy in patient coverage 
between the hospital and the remote unit (i.e., the closest 
location with no redundancy). However, we show that 
such a location does not necessarily provide the optimal 
profit. In particular, first, if only referral services are 
profitable, then the hospital may want to have 
redundancy in patient coverage. Second, if the 
provider’s costs per unit distance are high, then it is 
optimal for the hospital to have redundancy.  
Our work offers a few notable insights regarding 
remote unit operations and management. First, our work 
has implications for service expansion of urban 
hospitals. A remote unit can expand not only the 
hospital’s elementary dental care services but also 
complex care by functioning as a referral center. 
However, there is a trade-off between this service 
expansion and the costs incurred by sending the 
provider team. On the one hand, hospitals will want to 
expand their coverage to distant areas. On the other 
hand, hospitals also endeavor to minimize distance for 
providers as they do not prefer to get deployed too far. 
Our characterization of the profit-maximizing location 
should provide hospitals a guideline by quantifying this 
trade-off.  
Second, our findings also lead to policy 
implications for dental care reimbursement. In addition 
to demonstrating the profitability of a remote unit to the 
hospital, we find that the hospital is better off operating 
the remote unit as a referral center even when the remote 
unit’s elementary treatment incurs a loss. This suggests 
an important question for healthcare providers and 
policymakers. What is the optimal pricing of various 
treatments if the remote unit can potentially attract 
referrals? Hospitals may also consider increasing access 
to elementary dental care to attract more patients and 
hence more referrals. 
Third, our work indicates the importance of 
tracking referrals. Since patients completing referrals 
from remote units can be a major revenue source, it is 
important for healthcare providers to understand the 
factors that can lead patients to follow up on their 
referrals, and to put in place processes to check if a given 
referral is completed. However, referral tracking does 
not seem to be employed particularly well in practice. 
An existing study has found that more than one quarter 
of referring doctors in the United States do not know 
whether their patients had actually been treated by the 
specialist to which they were referred [22], and a recent 
study shows that the proportion of fulfilled dental 
referrals out of accepted dental referrals is only 32% 
[23].  
Our current work has some limitations. First, our 
model considers the hospital introducing only one 
remote unit to the rural areas. A further extension with 
multiple units would be interesting to generalize our 
implications and reflect the common practices of 
operating hospitals. Second, we do not incorporate the 
regional hospitals in rural areas. We expect that patient 
demand will be enhanced when the remote units are 
operated in partnerships with the rural providers. 
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